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Conformal four-point amplitude

Ay, X.Y) = (x=y)*X = ¥)*NOX)OT (y) O (X)OT(y))
O =Tr{Z%} (Z = J;(¢1 + i¢2)) - chiral primary operator
In a conformal theory the amplitude is a function of two conformal ratios
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At large N¢

Ay, X,Y) = A(g°Nc) @’Nc = A — ‘t Hooft coupling
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Conformal four-point amplitude

Axy,X,Y) = (x=9)*(X — Y)'NHOXOT(y)OxX)O'(y))

O =Tr{Z%} (Z = J;(¢1 + i¢2)) - chiral primary operator
In a conformal theory the amplitude is a function of two conformal ratios

A = F(RR)
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At large N¢

Ay, X,Y) = A(g°Nc) @’Nc = A — ‘t Hooft coupling

AdS/CFT gives predictions at large A\ — oo.
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Conformal four-point amplitude

Ay, X.Y) = (x=y)*X = ¥)*NOX)OT (y) O (X)OT(y))
O =Tr{Z%} (Z = J;(¢1 + i¢2)) - chiral primary operator
In a conformal theory the amplitude is a function of two conformal ratios
A = F(RR)

o Y=Y =y -y
(KXY (YR - Y2

At large N¢

Ay, X,Y) = A(g°Nc) @’Nc = A — ‘t Hooft coupling
AdS/CFT gives predictions at large A\ — oo.

Our goal is perturbative expansion and resummation of (A\Ins)" at large energies
in the next-to-leading approximation

(AMns)"(ckC + cNLOy)

|. Balitsky (JLAB & ODU) High-energy amplitudesin A = 4 SYM at the ne JTI workshop ~ April 14, 2009



Regge limit in the coordinate space

Regge limit: x;. — px;, X\ — X,y = py_, Y. = py—  p,p — x
Z

Xy— oo, X,

y = o)

Full 4-dim conformal group: A = F(R1,Ry)

_ =P -y PPy
(x=xX)2(y—y)? (x=x)3(y—y)}
. (X=X —y)? = (X —y)*(x=y)%?
(X=X)2(y —y)2(x = y)2(X —y)?
I YAy +XY (x=y)3 +x Y (X =y +xX,y (x—y)3]?
(x=x)3(y-y)xxyy
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4-dim conformal group versus  SL.(2,C)

Regge limit: x; — px4, X, — pX,, y- = p'y_, Y. = py—  p,p —
ZL

Xy oo, X,

y_ﬁ o,

Regge limit symmetry: 2-dim conformal group SL(2, C) formed from
P1, P2, M2 D, K; and K, which leave the plane (0,0, z, ) invariant.
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Pomeron in a conformal theory

Axy;X,Y) T=° i—z/.du fy (W, v))F(\, 0)Q(r, v)REO)/2

L. Cornalba (2007)

f(w) = £°=1 - signature factor

Q(r,v) - solution of the eqn (Op, + v? + 1)Q(r,v) = 0.

Explicit form:
VZ 2 K/Z %+iu K/Z %—iu
Ury) = F/d Z((zﬂ - g)Z) ((2,4 : g)2>
ZZL 2 2

<:p1+§pz+zb pI=p;=0, 2(p1,p2) =S

1 X2 y? 2 12 1
K = 2X+(p1—;pz+xL)—2y+(p1—§pz+m, RS = 5
, X/2 2

1
k= ZX—,_(pl—?pz-FXl)—ﬁ(pl—y’?pz%—)ﬂ, 4r-r')? = LR

The dynamics is described by w(A, v) and F(A, v).
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Pomeron in the conformal theory

Ay X,y) T= 12/du F (WO 2))F O, )01, ) REO/2

Pomeron intercept w(v, ) is known in two limits:
A 2
1 A—0: w(v,\) = =x(v) + Nwi(v) + ...
™

x(v) = 24(1) — (3 +iv) — (3 —iv) - BFKL intercept,

w1(v) - NLO BFKL intercept Lipatov, Kotikov (2000)
24+ 4
2. A— 00 AdS/CFT = w,\) = 2— ——+
/ ) 2\
2 = gravition spin , nextterm - Brower, Polchinski, Strassler, Tan (2006)

Cornalba, Costa, Penedones (2007)

|. Balitsky (JLAB & ODU) High-energy amplitudesin A = 4 SYM at the ne JTI workshop ~ April 14, 2009



Pomeron in the conformal theory

Ay X,Y) T=° %/du fy (W, ))FON, )QUr, v)REO)/2

The function F(v, A) in two limits:

1 A—0: Fr,\) = NFo(v) + A3Fi(v) + ...
Fo(v) = % Cornalba, Costa, Penedones (2007)
F1(v) = see below G. Chirilli and 1.B. (2009)
1 2
2 A—oo: AIS/CFT = w(n,)) = n?—L
sinh® v

L.Cornalba (2007)

We calculate F1(v) (and confirm w1(v)) using the expansion of
high-energy amplitudes in Wilson lines (color dipoles)
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DIS at high energy

m At high energies, particles move along straight lines =
the amplitude of v*A — ~*A scattering reduces to the matrix
element of a two-Wilson-line operator (color dipole):
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DIS at high energy

m At high energies, particles move along straight lines =
the amplitude of v*A — ~*A scattering reduces to the matrix
element of a two-Wilson-line operator (color dipole):
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DIS at high energy

m At high energies, particles move along straight lines =
the amplitude of v*A — ~*A scattering reduces to the matrix
element of a two-Wilson-line operator (color dipole):

q
q q
W\MQM D :
o qd o 0
o Q :}Uooo
goooowé —> g g
oo T
Boooo b g
o g P
t:// ‘k\/ ﬁ\r L /—
Als) = | 5217 (k)BIT{U(k)UT(=kL)}IB)
U(xy) = P9/ oot AL (Unx ) Wilson line
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Spectator frame: propagation in the shock-wave background
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Spectator frame: propagation in the shock-wave background

>

Boosted Field
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Spectator frame: propagation in the shock-wave background

>

Boosted Field
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Spectator frame: propagation in the shock-wave background

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pé9./ A" Quarks and gluons
do not have time to deviate in the transverse space = we can replace the
gauge factor along the actual path with the one along the straight-line path.
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Each path is weighted with the gauge factor Pé9./ A" Quarks and gluons
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>

Wilson Line
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Spectator frame: propagation in the shock-wave background

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pé9./ A" Quarks and gluons
do not have time to deviate in the transverse space = we can replace the
gauge factor along the actual path with the one along the straight-line path.

Wilson Line

[ x — z free propagation]x
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Spectator frame: propagation in the shock-wave background

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pé9./ A" Quarks and gluons
do not have time to deviate in the transverse space = we can replace the
gauge factor along the actual path with the one along the straight-line path.

Wilson Line

[ x — z free propagation]x
[U%(z,) - instantaneous interaction with the 1 < 1, shock wave] x
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Spectator frame: propagation in the shock-wave background

- Boosted Field /\/I\/

Each path is weighted with the gauge factor Pé9./ A" Quarks and gluons
do not have time to deviate in the transverse space = we can replace the
gauge factor along the actual path with the one along the straight-line path.

Wilson Line

[ x — z free propagation]x
[U%(z,) - instantaneous interaction with the 1 < 1, shock wave] x
[z— y: free propagation]
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Expansion of the amplitude in color dipoles in the NLO

7 - rapidity factorization scale

Rapidity > n - coefficient function (“impact factor”)
Rapidity < n - matrix elements of (light-like) Wilson lines with rapidity
divergence cut by n

Ul = Pexp[ig/ du py A (upy + X1

4 .
A = [ et~ e, 0
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Expansion of the amplitude in color dipoles in the NLO

The high-energy operator expansion is
T{OXO(y)} = / d?20%2 1'°(z, ) Tr{ U2 U}"}
1 A P A
+ / 2z d?2,d%z3 IN© (74, 2,, 23)[N—0Tr{T”UZUZT3"T“UZUZTZ"} — Tr{U70}"}]
In the leading order - conf. invariant impact factor
Lyt x-2z)3 (y—2)

X
°F gf 5, Z = - CCP, 2007
m2 2222 X Y+

Lo =
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NLO impact factor

INLO(

A .
X7Y§21722723§77) = _ILOX_ 2%3 |:|n_Z3__+C

The NLO impact factor is not Mobius invariant = the color dipole with the
cutoff n is not invariant

However, if we define a composite operator (a - analog of ;2 for usual OPE)

[Tr{UnUTn}]“’“f — Tr{UZ0}"}

d?z3 [Tr{T"07 O} T"0Z 017} — NcTr{07 U17}] 02 O(X?)
/ 253253 e "2

the impact factor becomes conformal in the NLO.
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Operator expansion in conformal dipoles

T{OMO(Y)} = / P22, 110(20, 2)Tr{ 07 U}

/ P22z 1NO(21, 25, 7) [—Tr{T”U" O T2 07} — Tr{0Z 0f1)]

T
|NL°:—|Lo /d3 nlzezaszz;f—iwrzc
z%azzs Z35,

The new NLO impact factor is conformally invariant
= Tr{0Z 05" is Mébius invariant

We think that one can construct the composite conformal dipole operator order
by order in perturbation theory.

Analogy: when the UV cutoff does not respect the symmetry of a local
operator, the composite local renormalized operator in must be
corrected by finite counterterms order by order in perturbaton theory.
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Evolution equation for color dipoles

|
To get the evolution equation, consider the dipole with the rapidies up
to 1 and integrate over the gluons with rapidities 1 > 1 > 7. This
integral gives the kernel of the evolution equation (multiplied by the
dipole(s) with rapidities up to 7).
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Evolution equation for color dipoles

To get the evolution equation, consider the dipole with the rapidies up
to 1 and integrate over the gluons with rapidities 1 > 1 > 7. This
integral gives the kernel of the evolution equation (multiplied by the
dipole(s) with rapidities up to 7).

as(n — m2)Kevol ®

[o3e]

o
o
o
3
o
o
\
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Leading order: BK equation

d_ . . -
%Tr{uxuj} = KoTr{UUj} + ... =

d A . n
%(Tr{uxug}ﬁhockwave = (KLOTr{UxUj/Dshockwave

U3 = Tr{tPULPU]} = (UU))™ — (UU))™ + ol — n2) (U UJURU)) ™

=- Evolution equation is non-linear
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Non linear evolution equation

iy = 1= L Tr{00)U ()
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Non linear evolution equation

ti(xy) = 1= L0000 1))

BK equation

asNe [ d%z (x —y)?
[

2n2 | (x—2)2(y—2)2 {Z;{(X’ 2) +U(zy) —Uxy) —UXx DUz Y)}

d -
%u()gy) -

I. B. (1996), Yu. Kovchegov (1999)
Alternative approach: JIMWLK (1997-2000)
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Non-linear evolution equation

iy = 1= L0000 ()

BK equation

d - asNe [ Az (x—y)? - . . . .
%M(X7y) T or2 /(X— Z)Z(y_ )2 {U(X, Z) +Z/{(Za y) - u(xﬂ y) - U(X, Z)U(L y)}
I. B. (1996), Yu. Kovchegov (1999)
Alternative approach: JIMWLK (1997-2000)
LLA for DIS in pQCD = BFKL (LLA: as < 1, asn ~ 1)
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Non-linear evolution equation

ti(xy) =1 TrO)0!(0.)

BK equation

asNe [ d?z (x —y)?
C 2n /(x—z)Z(y—z)Z

{2 +d@y) -ty -tx Uz y)}

I. B. (1996), Yu. Kovchegov (1999)
Alternative approach: JIMWLK (1997-2000)

LLA for DIS in pQCD = BFKL (LLA: as < 1, aen ~ 1)

LLAfor DISin sQCD = BKeqn  (LLA: as < 1,an ~ 1, aAl/3 ~ 1)
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
. [e.e]
[oopy + X1, —oop1 + X1 ] = Pexp {lg/ dxt A+(x+,xl)}
—0o

is invariant under inversion (with respect to the point with x~ = 0).
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
. [e.e]
[oop1 4 X1, —oopy + X1 | = Pexp {Ig/ dx* A+(x+,xL)}
—0o
is invariant under inversion (with respect to the point with x~ = 0).

Indeed,
(x*,x,)? = —x2 = after the inversion x; — x, /x% and x* — x* /x%
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
. [e.e]
[oop1 4 X1, —oopy + X1 | = Pexp {Ig/ dx* A+(X+7XJ_)}
—0o
is invariant under inversion (with respect to the point with x~ = 0).

Indeed,
(x*,x1)2 = —x2 = after the inversion x; — x, /% and x* — x*/x¢ =

[0 Xt xt xi X1 X1
[cop1+X1, —ocop1+X.] — PeXp{'Q/_Oodg M(g:g)} = [Oolerg,*OOlerg}
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Conformal invariance of the BK equation

Formally, a light-like Wilson line
. [e.e]
[oop1 4 X1, —oopy + X1 | = Pexp {Ig/ dx* A+(X+7XJ_)}
—0o
is invariant under inversion (with respect to the point with x~ = 0).

Indeed,
(x*,x1)2 = —x2 = after the inversion x; — x, /% and x* — x*/x¢ =

[ Xt xt xi X1 X1
[cop1+X1, —ocop1+X.] — PeXp{'Q/_Oodg M(g:g)} = [Oolerg,*OOlerg}

=The dipole kernel is invariant under the inversion V(x,) = U(x, /X3 )

d i Os '’z (x—y)? 7 ,i, 7;7
d—]/Tr{VxVy} 22 —mm{vxvz FTr{VzVy } — NeTr{VyVj }]
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Conformal invariance of the BK equation

SL (2,C) for Wilson lines
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Conformal invariance of the BK equation
SL (2,C) for Wilson lines

(K1+|K2), S=- (D+|M12) S =

S = (P —iP?)

2
[S.S5:] = =5, —[S+ S1=%
[5.,0(z2)] = 2282( 2, [SU@z2]=20(z2, [5:,0(z2)]=-00(z2)

Conformal invariance of the evolution kernel

d .
%[&, Tr{UUJ}] =

Ofch

/de XY, 2)[S-, T{U U} Tr{U, U }]

20 20 20 _
é[x 8x+y26y+ 8Z}K(x,y,z)_0
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Conformal invariance of the BK equation
SL (2,C) for Wilson lines

(K1+|K2), S=- (D+|M12) S =

S = (P —iP?)

2
[S.S5:] = =5, —[S+ S1=%
[5.,0(z2)] = 2282( 2, [SU@z2]=20(z2, [5:,0(z2)]=-00(z2)

Conformal invariance of the evolution kernel

d .
%[&, Tr{UUJ}] =

Ofch

/de XY, 2)[S-, T{U U} Tr{U, U }]

20 20 20 _
é[x 8x+y26y+ 8Z}K(x,y,z)_0

In the leading order - OK. In the NLO - ?
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Non-linear evolution equation in the NLO

d

%Tr{UXUJ} =
d*z (x—y)?
/ o2 <as(x ~22z—yP + adKnio(x ¥, 2) | [Tr{UUS}Tr{UUJ} — NeTr{UU]}] +

o? / d?zd?Z (K4<x, ¥,2Z){Uyx, U}, Uz, UJ} + Ke(x, Y, 2. Z){Uy, UL, Uz, Uz, U], u;}>

KnLo is the next-to-leading order correction to the dipole kernel and K4
and Kg are the coefficients in front of the (tree) four- and six-Wilson line
operators with arbitrary white arrangements of color indices.
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Definition of the NLO kernel

In general

d__ oo o .
d—”Tr{Uxu;} = asKLoTr{UUJ} + aZKnoTr{U U]} + O(ag)
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Definition of the NLO kernel

In general

}:(1,SKLoTr{UXU)T,} : (1§KNLOTI’{UXU;} - O((\g)

- d_ . . -
a2KnLoTr{UU]} = %Tr{uxug} — aKLoT{U, U} + O(ad)
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Definition of the NLO kernel

In general

d__ oo o .
d—I/Tr{Uxu;} = asKLoTr{UUJ} + aZKnoTr{U U]} + O(ag)

N d N N
a2KnLoTr{UU]} = %Tr{UXUJ} — aKLoT{U, U} + O(ad)
We calculate the “matrix element” of the r.h.s. in the shock-wave background

(02KnLoTr{U0]}) = %(Tr{oxom — (asKLoTr{Ux0]}) + O(ad)
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Definition of the NLO kernel

In general

d_ oo . R

5. U]} = asKioTr{U:U]} aZKnLoTr{UxUJ} + O(ad)
1
2 3,00 = 910,00 3,01 3
aSKNLoTr{UXUy} = %Tr{UXUy} — asKLoTT{UXUy} + O(Oés)

We calculate the “matrix element” of the r.h.s. in the shock-wave background

(02KnLoTr{U0]}) = %(Tr{oxom — (asKLoTr{Ux0]}) + O(ad)

Subtraction of the (LO) contribution (with the rigid rapidity cutoff)

1 o .
= M . prescription in the integrals over Feynman parameter v

Typical integral

1 {l} B im(kfp)2

-1
dv =
/0 (k—p2v+pi(1-vlv p? p?
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part of the NLO BK kernel: diagrams

W “ )

) RO (i - V) - o)
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oxxmy
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Diagrams for 1 —3 dipoles transition

?Q’ (XXXT) ‘ (XXXt - Oy o (XXXIV)
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"Running coupling” diagrams
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1 — 2 dipole transition diagrams
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Gluon contribution to the NLO kernel

d
%Tr{UXU}} = 20‘—7:2 / d’z ([Tr{uxu;}Tr{uzu;} — NTr{U, U/ }]

(X_y)z aSNC 11 2 2 67 71'2
{ X2Y2 [1 27 (3 XY g ?ﬂ
11achx2—Y2|nx2 asNe (x—y)2In X2 In Y2 }
3 47 X2yz Y2 27 X2Y2Z T (x—y)2 T (x—y)2

[0
+ 4—7:2 / d?Z {[Tr{uxug}Tr{uZU;}{uz,u;} ~ Tr{UU}u,Uju,Ul

gy L[ XY a2 X
(Z - 2’)4 2(X/2y2 _ Y/2X2) v2x2
+ [Tr{UXU}Tr{U,U] }{U, UJ} — TrH{UUL U,UjU, U} — (7 — 2)]

(x=y* (x=y? 71, X2Y?
X2Y12(X2Y'2 — X12Y2) © (z—Z)2X2Yr2] T Xr2y?
d Jina)
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N = 4 diagrams (scalar and gluino loops)
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Evolution equation for color dipole in N=4

—Tr{UZU 1

- /d2 1—“5N°[ 2B 253}}
2%32%3 4m 2%2 Z%z

[Tr{T207 UjrT207 U7} — NcTr{U7 U7}]

of [FPndu 7,7, [l+ 202 } In 3%,

47t ng Z§3Z%4 Z§3254 - 2%32%4 2%42%3

x Tr{[T3, T?)07 T¥TY 07 + TPT207 [T, T¥]0f7}(07)% (0, — 0g)*

X

NLO kernel = Non-conformal term + Conformal analytic term.

Non-conformal term is due to the non-invariant cutoff o« < o = €% in the rapidity
of Wilson lines.
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Evolution equation for color dipole in N=4

—Tr{UZU 1

- /d2 1—“5N°[ 2B 253}}
2%32%3 4m 2%2 Z%z
[Tr{T207 UjrT207 U7} — NcTr{U7 U7}]
of [FPndu 7,7, [l+ 202 } In 3%,
47t ng Z§3Z%4 Z§3254 - 2%32%4 2%42%3
x Tr{[T3, T?)07 T¥TY 07 + TPT207 [T, T¥]0f7}(07)% (0, — 0g)*

X

NLO kernel = Non-conformal term + Conformal analytic term.

Non-conformal term is due to the non-invariant cutoff o« < o = €% in the rapidity
of Wilson lines.

For the conformal composite dipole the result is Mobius invariant
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Evolution equation for composite conformal dipoles in N=4

d [Tr{U" UT"}]OOnf

agNe 7

2 Uy J,.U ~m 1y tn ] conf
/d 2%325 17 4 3}[Tr{TaU’i Uia]TaU@UZ]}*NcTr{UZUizi}]

ag 22 2 n lZZ§>4 12212%4 n2§.3z%4
i [tz Zg fan T2 [ g g 22

x Tr{[T3, T?)07 T¥ TY 07 + TPT207 [T, T¥)0§7}[(07)% (01 — (24 — 23)]

Now Mobius invariant!
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NLO BFKL equationin N =4 SYM

To find A(x, y; X', ¥') we need the linearized (NLO BFKL) equation. With two-gluon
accuracy

aﬂ (X7 y) =

v 1Tr{u;7u;ﬁ}

Conformal dipole operator in the BFKL approximation

Nc aZ% ~ ~
u” f(Zl,Zz) = Z/{] 21,22 s /d2 2 u" 21,23)+u"(22,23)—2/{"(21,22)]
oon fiaz%s "2,
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NLO BFKL equationin N =4 SYM

To find A(x, y; X', ¥') we need the linearized (NLO BFKL) equation. With two-gluon
accuracy

aﬂ (X7 y) =

"N 1Tr{u;7u;"}

Conformal dipole operator in the BFKL approximation

asNe azﬁ N
Ul (z,z) = Uz, )+ s /d2 2 (U (z1,23)+U" (22, 23)—U" (21, 22)]
oon 2%2%3 253253

NLO BFKL

d -~
dn Z/[conf (Zl7 22)

asN agNe 7 -
_ % c/d2z3 Z5122% 1, Zﬂc 3}[ 0 i(223) F UL (22, 23) — UL (21, 2))]
3%23

8 [ e BB A 1 BB @
Vo | d, aa EE [ gg h g g (e

2 ~
271_3 C(3)uoonf (217 22)
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Pomeron intercept

Pomeron intercept = the eigenvalue of the NLO BFKL equation

SNCa(n 5+ w)}

1.
w(nv) = %Nc{x(n,z—i—lu)—i—

w2

_X(n7 ’Y) - X”(nv 7) - 2<I>(n, ’7) - zq)(nv 1- 7)

5ny) = &3 - %

where
n n
x(N,y) = 2¢(1) = (v + 5) —p(l—y+ 5)

1odt 2 1 1 . .
2y = /o Tl {12_5“}/(%) — Liz(t) = Liz(—=)

o~ (0" ot K
= (¥ +2) (@) Iy + Y Int- Y et (D 1}
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Pomeron intercept

Pomeron intercept = the eigenvalue of the NLO BFKL equation

1 Ne., 1 .
w(nv) = %NC{X(n,E—Hu)—i—ajﬁcd(n,§+|u)},
2

5(ny) = 6((3) ~ Tx(n7) —x"(n7) = 28(ny) — 28(n1 )
where
x(n.7) = 26(1) = (7 + ) — b1 -7+ 3)
w0 = [ oo T T (M) - L - L

t)k tk
—(Y(n+1) — (1) +In(L+1t) + 11— (—1)4
( kZ;k+ ) I(Z;(kJrn)2 }

Agrees with | — 1 asymptotics of 3-loop splitting functions
Vogt, Moch, Vermaseren,(2003)
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Assembling NLO F(v)

Impact factor should not scale with energy = a= (’)‘j‘;* (analog of u? = Q%in
DIS)

N R (x — N
- TEO000W) = K [aadn L e

&’z Z% Xty Z% & ; “con “con “con
g 2 Ny g U )+ U ) — U (.2

The projection onto the conformal eigenfunctions (EZ ) (y=3+iv)
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Assembling NLO F(v)

Impact factor should not scale with energy = a= X+y+ (analog of u? = Q%in

DIS) b
N (x — N
- TEO000W) = K [aadn L e

&’z Z% Xty Z% & ; con “con “con
g 2 Ny g U )+ U ) — U (.2

The projection onto the conformal eigenfunctions ( 4, )7 (v= % +iv)

ZZ0

.2

Z2 Y K ~
Jdmdat—y OO0 (F5 ) = (G ) Mol + Hio )

U(zg,7) = /d221d222<2%2522%0> (z1,22)

I'(1-+)

1fo(7) = mr(lﬂL (2 —7)
71.2
o) = gogfo 20— ¥/(3) ~ w1 =) ~ 2+ T ~F(3) ~F(1—7)]
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Assembling NLO F(v)

Similarly
dndza(d — Y TO)OWH (22 ) = () o) + oIV
Jamdatt I TOXOW (25 ) = (5 gr) Mo + otV
V(20,7) = / dzzldzzz(%yf/(zl, 2)
2
1B0(1) = Fp g TL+ )@= 1)
7T2
B0l = 1oalBo[P() — /(1) ~¥/(L—) ~ 2+ & —F(7) ~F(1— )
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Assembling NLO F(v)

The last ingredient is the amplitude of scattering of two conformal dipoles
(v=3+iv)

U(20,7)V(2,7)) = 8(v = 1)3(z— Z) RE“W[ALo(7) + Anto()]

_ I'(=Ir(v -1
Ao(v) = TAT T2

The resultis F(v) = FLo(v) + AFnLo(v) + O(\?)

2

A T
Anco(v) = T ap2'Lo ”y(>il<.(j)’y) 3

FLo(v) = Ifo()ALo)Ifo(v),
Faio(v) = IiLo(")ALo(v)15 + Ito(V)AnLo()15o + INLo(¥)ALo (V) INLo (V)

|. Balitsky (JLAB & ODU) High-energy amplitudesin ' = 4 SYM atthene  JTI workshop ~ April 14, 2009 38/40



NLO evolution of composite “conformal” dipoles in QCD

dintr{uxu;} = 0‘—52 / d22 [tr{uxu;}tr{uzuf}—thr{uxu;}]

(x —y)? asNe -Y?2 X2 67 n?
X [1+ (bIn(x — y)? 2, pX Y o N3+ 3)]
&/ o7 H* X'2Y2 4 Y22 _ 4(x fy)z(sz)ZmX’zYz}
471-2 ( 721)4 2<X/2Y2*Y/2X2) Y/2x2

x [tr{UxUitr{UUJ }{U U} — tr{UUfU,UfU UL — (7 — 2)]
(x=y2z=2)p, (x=y*z-2) (x—y(z=2)%, XY

X2Y12 { n X/2Y2 X2Y12 _ X/2y2 ) n x/2yz}
x [tr{UxUJ r{U,U] }{U, UJ} — tr{UxU} U,UjU,UJ} — (Z — z)]}

+

+(1+

b=4YN.— 2, X=x-zY=y-zX =x-2Z Y=y 7

KnLo Bk = Running coupling part + Conformal "non-analytic” (in ) part
+ Conformal analytic (N = 4) part

Linearized Knio Bk reproduces the known result for the forward NLO
BFKL kernel.
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Conclusions

m High-energy operator expansion in color dipoles works at the NLO
level.
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Conclusions

m High-energy operator expansion in color dipoles works at the NLO
level.

m The NLO BK kernel in for the evolution of conformal composite
dipoles in A/ = 4 SYM is Mobius invariant in the transverse plane.
m The NLO BK kernel agrees with NLO BFKL eigenvalues.

m The correlation function of four Z? operators is calculated at the
NLO order.
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